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Abstract 
As a result of climate change, cities around the world need to adapt to extreme weather. 
Brisbane, Australian subtropical city in South East Queensland (SEQ), has witnessed numerous 
floods in its history. Most recently the city experienced severe drought for seven years prior to 
the devastating 2011 flood. Due to these threats, coupled with the rapid population rise – 55,000 
new comers annually –, the demand for liveable public space, resilient green infrastructure and 
sustainable urban development becomes more significant. Recent studies also demonstrate the 
need for a clear vision to better implement water sensitive urban design (WSUD) features in 
public spaces and buildings which are currently lacking in many of the city’s local 
neighbourhood plans.  
 
This paper presents a water-potential-mapping methodology that uses Geographic Information 
System (GIS) as a tool to identify new design opportunities in response to Brisbane’s increasing 
population and associated pressure for new urban development. Specifically, the study aims to 
foster ideas developed and implemented by the SEQ private sector which supports liveable and 
resilient small-lot infill development. In the light of this objective, the paper introduces a 
holistic approach to sustainable spatial planning and design, a practical procedure for the 
Brisbane City Council (BCC) to effectively mitigate the impact of flood and drought on urban 
development. The paper studies the Norman Creek catchment within the city boundary and 
presents exemplary urban analyses focusing on storm water, ground water, and open spaces. 
To frame the WSUD implications throughout the catchment, the paper considers specific water 
management strategies related to water surface movement (WSM), direct infiltration, filtration 
and Aquifer Storage and Recharge (ASR), and identifies suitable locations within the study 
area. Contaminated land parcels, slope, salinity, acid sulphate soil type, street and open space 
network data, and residential lots for each sub-catchment are mapped to inform WSM, and 
filtration strategies. The remaining areas qualify for direct infiltration as well as local water 
storage hot spots within the catchment for further design and planning purposes. This paper 
presents the first part of a larger study carried out at the University of Queensland’s School of 
Architecture. It lays the groundwork to further analyse urban environmental quality of green-
blue infrastructure’s hot spots identified in this phase. Future research will then combine 
current findings with socio-economic data to substantiate future development zones:  this will 
support the priority plan of the BCC, guiding implementation strategies and new sustainable 
development within the catchment. 
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1. INTRODUCTION 
As a result of climate change, cities around the world need to adapt to extreme weather. 
Brisbane, Australian subtropical city in South East Queensland (SEQ), has witnessed numerous 
floods in its history. Most recently the city experienced severe drought for seven years prior to 
the devastating 2011 flood. Due to these threats, coupled with the rapid population rise – 55,000 
new comers annually –, the demand for liveable public space, resilient green infrastructure and 
sustainable urban development becomes more significant. Recent studies also demonstrate the 
need for a clear vision to better implement water sensitive urban design (WSUD) features in 
public spaces and buildings which are currently lacking in many of Brisbane’s local 
neighbourhood plans [1, 2]. 
 
The primary purpose of this paper is to identify new design opportunities in response to 
population increase and the associated pressure of new urban development. It puts forward a 
holistic approach to WSUD for future city wide applications, supporting liveable and resilient 
small-lot infill development, which aims to foster ideas that can be implemented by the SEQ 
private sector. 
 
The paper presents a water-potential-mapping methodology that uses QGIS platform as a 
primary tool to apply a number of spatial analyses to the 30km2 Norman Creek catchment 
within SEQ. These analyses consider environmental and socio-economic data for determining 
the potential development hot spots within the catchment. More specifically, this paper, the 
first part of our study, concentrates on three core areas that are of specific significance to 
Norman Creek catchment. The paper combines urban storm water flow paths, Brisbane City 
Council (BCC) cadastral data identifying overall catchment landuses, contaminated land 
parcels as well as groundwater levels, quality and geological data in conjunction with the open 
space and street network. In the result section, the paper combines some of the parameters 
identified in the initial mapping process and presents two suitability maps for effectively 
applying the WSUD green-blue infrastructures to the streets, open spaces and residential 
parcels of Norman Creek catchment. The paper lays the groundwork for the second part of this 
study, which will add socio-economic data to the urban environmental quality analysis. 
2. BACKGROUND 
Thirty years ago, urban water management was limited to the provision of conventional water 
infrastructure, largely underground and invisible to the public. Generally speaking, urban water 
infrastructures were outside the focus of urban planning, with conventional practices tending 
to envision plan and design outcomes that excluded water infrastructures from everyday urban 
life. Depletion of resources and increasing pressure of climate change, and its consequences, 
mean that cities experience extreme conditions in which this centralised infrastructure is not 
able to perform effectively. With the growing need for alternative water sources, and to address 
sustainability and resilience objectives, cities are now considering decentralised water 
management practices that promote storm water harvesting, local sewerage treatment, 
groundwater storage and recharge. Urban water phenomena has now become a multi-
disciplinary profession in order to better address complex urban problems. For example, 
WSUD ‘[e]volved from its early association with storm water management to provide a 
broader framework for a holistic management of the urban water cycle and its integration into 
urban design’[3]. A number of local planning and policy studies reveal that Brisbane is in need 
of long term water management practices for implementing detailed ecologically sustainable 
and resilient design guidelines for future buildings and public spaces [1, 2]. Scholars stress the 
limited connection between urban environment and hydrological cycle when they analysed  
major Australian cities [1]. 
 
The paper studies Norman Creek catchment and its subcatchments, specifically focusing on 
open public space and the interaction between surface runoff and ground water: this context is 
exposed to surface runoff, leading to flood events, and sits on high groundwater tables with 
acid sulphate soils. According to the guide for flood studies and mapping of the Department of 
Natural Resources and Mines (DNRM) [4], the Norman Creek catchment is subject to type-
five flooding, which occurs mainly in small catchments where rapid overland flow is generated 
to a shallow but nonetheless harmful depth, putting significant population at risk [5]. Therefore, 
many local governments in SEQ, including the BCC, have been investigating overland flow 
using flood studies and mapping. In the event of high rainfall and the accompanying surface 
runoff, the Norman Creek catchment becomes vulnerable to groundwater contamination and 
acidification. The link between storm water runoff, groundwater and stream quality has been 
emphasised by some scholars. For example, Walsh cited in Wong identifies the significance of 
site specific urban storm water management, claiming that reducing the impervious level of an 
area at a higher altitude as low as five percent helps in maintaining healthy stream conditions 
at the lower altitudes. Therefore, special attention is needed for the development of appropriate 
green-blue infrastructure [3, 6-8].  
 
In the light of these local issues, this paper introduces a holistic design and planning approach 
specific to the conditions of the Norman Creek catchment. This method is not novel in the 
domain of landscape architecture and geography. However, its effective implications have only 
recently been better elaborated with the advancement of the GIS platforms as well as open 
access data availability and accuracy. McHarg’s method of ecological overlays [9], Spirn’s 
concept of deep structure [10], and recent studies on deep mapping [11] and critical GIS [12, 
13] all inspired the method developed in this paper, which goes towards a combined socio-
economic and environmental research. Its central aim is to generate design and planning 
opportunities by specifically looking at a number of key factors: urban overland storm water 
paths, existing sewerage, stormwater and infrastructure data, groundwater table and soil types 
information as well as specific catchment land-uses including the contaminated parcels that 
may impact on ground water quality. The study then will overlay environmental and socio-
economic data within a specific open space network to generate criteria for urban 
environmental quality of public spaces that may inform the identification of hot spots in the 
development of green-blue infrastructure.  
3. METHOD 
The water potential mapping methodology outlined in the paper was developed in response to 
the Norman Creek catchment specific flood issues and the need for the effective and systematic 
application of WSUD interventions throughout urban catchments in SEQ.  
The study investigated the water cycle at three interrelated urban scales. At the macro scale, it 
looked at the entire catchment and analysed topography, slope, annual precipitation, 
groundwater depth, open space and street network, water infrastructure, soil and aquifer types, 
as well as previous urban overland flow path (UOFP) study which was prepared to understand 
the impact of surface runoff flooding for risk informed urban development. Then, features such 
as groundwater quality, contaminated land parcels, detailed slope suitability for green 
infrastructure and soil types in combination with specific land-uses were analysed at meso and 
micro levels focusing on subcatchments, districts, neighbourhoods and parcels. 
These multiscale urban analyses informed a number of specific water management strategies 
related to water surface movement (WSM), direct infiltration filtration and Aquifer Storage 
and Recharge (ASR) and identify suitable locations within the study area.  
 
WSUD concepts and technical design guidelines included in the Queensland Department of 
Infrastructure and Planning implementation guidelines, the Queensland Development Code 
and SEQ water strategy were used as a main source of reference in this study [14, 15] . For the 
purpose of this paper, the following three subject areas were investigated to inform further 
spatial analyses: urban overland flow path study [16]; groundwater modelling [17, 18] and 
urban environmental quality and quality-public-space measures [8, 19]. 
 
3.1 Datasets 
This research is the result of collaboration between Brisbane City Council (BCC), the 
Cooperative Research Centre for Water Sensitive Cities (CRCWSC) and the University of 
Queensland (UQ) School of Architecture. The Norman Creek catchment was chosen as a case 
study because it experienced the recent 2011 flood severely. Surface runoff flooding in 
particular had a big impact throughout the catchment. After the earlier 1974 flood, the Norman 
Creek catchment community began evolving into the Norman Creek Catchment Coordinating 
Committee (N4C), a local organisation committed to local action on flooding issues. This 
community drive, coupled with increasing population and associated new development needs, 
makes Norman Creek catchment a useful test ground for new ideas on flood/drought responsive 
urban development. The majority of data used in the study was provided by the BCC, a 
significant stakeholder in this research.  
A highly accurate digital elevation model (DEM) using LIDAR technology ((a remote sensing 
method to measure distances to the Earth by using light pulses instead of laser)was obtained 
from the BCC. Other soil, geomorphology and aquifer related information were extracted from 
QSpatial, an open access data service of the state of Queensland. The groundwater model used 
in this study to understand the depth to water table and salinity of the Norman Creek catchment 
was extracted from the Environmental Impact Statement (EIS) of the CrossRiverRail project, 
an ongoing transportation infrastructural project delivering ten kilometer rail line that connects 
two sides of the Brisbane River with six kilometers of tunnel under the river and the CBD. The 
raw GIS data and related digital elevation model (DEM) associated with this EIS were obtained 
from the state of Queensland Department of Infrastructure, Local Government and Planning 
[18]. It should be noted that data represents an interpretation, at the time of its collection, of 
the groundwater condition for the purpose of the EIS statement. The datasets rely upon a range 
of other data, assumptions and numerous factors which may have changed since it was prepared 
and, as such, no assurance can be provided as to its accuracy. While groundwater is dynamic 
and varies seasonally, the data used does not represent such change, and should be rather read 
as a general understanding of the groundwater level and salinity. 
The cadastral GIS layer obtained from the BCC identified overall land-uses, including but not 
limited to roads, open spaces, commercial, education, and was used for further spatial analysis. 
 
3.2 Case Study Area: Norman Creek Catchment 
3.2.1 Urban Overland Flow Path Study 
The Norman Creek catchment encompasses 17 suburbs with more than 100,000 residents and 
expands over 3000ha with 18km long waterways including 15km of fresh water creeks (Figure 
1). Due to the growing rate of urbanisation, surface impermeably percentage has also increased 
over the years within the catchment, which exacerbates flash flooding and storm water run-off. 
 
 The catchment includes three main sub-catchments: Sandy Creek (255ha), Ekibin Creek 
(1044ha) and Norman Creek (1714ha) (Figure 2). The sub-catchment boundaries were 
established by a previous study carried out by the BCC. No metadata could be obtained for this 
layer. Thus, this information was verified by running a watershed analysis in QGIS using the 
high-resolution DEM. The analysis also verified the location of creeks and waterways, 
including their total length. The past ten year annual precipitation data from three different 
local whether stations located at the North, South and within the catchment were interpolated 
to calculate the mean rainfall of the Norman Creek catchment, equal 979mm/year. Each sub-
catchment mean rainfall is presented in the figure 2. 
 
Previous UOFP studies within Queensland present a number of limitations. They mostly 
disregard obstacles to the water flow such as building footprints and impermeable fences. 
Based on the LIDAR resolution and accuracy, these studies have limited connections with 
storm water infrastructures,  neglect small footpaths at the top of the catchments, and miss 
micro level topography changes [4]. Despite being aware of 
such limitations; this paper recognises the great potential of 
using UOFP as an indication of surface runoff to inform the 
design a flood-drought responsive urban landscape as well 
as to construct an opportunity and constraint map with the 
aid of other relevant overlays. For example, Figure 3 shows 
the UOFP and flood extent area cover their calculations 
against each sub-catchment, and the 2011 flood extent area 
which was juxtaposed on the natural topography generated 
in QGIS by using the high-resolution DEM. The same 
process was used to generate Figure 4, 5 and 6, which show 
the relationship between the UOFP, storm water, sewage 
and potable infrastructure networks. It can be clearly seen 
from these maps that the interaction between these 
networks, creeks, waterways and groundwater throughout 
the catchment is key to public and ecological health, and 
requires special attention under the pressure of increasing 
urban development. This is also considered as a major 
concern by the BCC. 
Figure 1 Location of Norman Creek Catchment Figure 2 Catchment,subcatchments, creeks 
and waterways, annual rainfall 
Figure 3 Elevation, overland flow 
paths, 2011 flood extent 
 
3.2.2 Groundwater table and quality  
 
To understand the entire hydrology of the Norman Creek catchment, the groundwater condition 
of the site was investigated, using a specific DEM acquired from the EIS study of the 
CrossRiverRail project, adjacent to the Norman Creek catchment [18]. Generally speaking, the 
groundwater is defined as either confined or unconfined. Confined aquifers are older and 
deeper than unconfined aquifers. According to the EIS, the majority of the catchment area is 
situated over unconfined aquifers where the water table depth changes between 0m and 20m. 
Figure 7 shows the overall depth to groundwater table within the catchment adopted from the 
EIS. The reliability and accuracy of this information depends on a hypothesis rather than a 
thorough groundwater model. As no thorough groundwater model study is found for the 
Norman Creek catchment, this conceptual model is used relying on the EIS study for the 
CrossRiverRail project. Accordingly, the depth to groundwater table map was generated based 
on this hypothesis that groundwater levels in an unconfined aquifer mimic and mirror the 
surface topography. Where the surface elevation is low, groundwater is shallow. When highly 
elevated, the ground water is deep [17 cited in 10]. 
 
Brisbane river and its creeks and 
tributaries are tidal in nature. Ground 
water table recharges and discharges 
with this tidal movement. Also, it 
tends to flow from higher water table 
to shallow areas. Due to the primary 
and secondary porosity of the 
unconfined aquifers that cover most 
of the Norman Creek catchment, the 
surface runoff greatly impacts on the 
creeks, water ways, tributaries as well 
the shallow groundwater underneath 
(see Figure 8 for overall aquifer 
porosity). Aquifer porosity rating 
refers to the density of particles within 
Figure 4,5,6 Storm water infrastructure network; sewage network; potable water network 
Figure 7,8 Depth to groundwater, surface geology, and aquifer 
porosity 
the aquifer geology which means water can flow from one aquifer to another. These aquifers 
are exposed to the risk of contamination, acidification and salinification. Under heavy rainfall 
condition, the interaction between aquifers, creeks and surface runoff is mutually harmful 
throughout the catchment. Therefore, any green infrastructure design intervention on the 
surface need to consider this. A lot of urban hydrology studies focus on these interactions that 
are generally defined by site specific parameters [8, 20].  
 
Figure 9 demonstrates the soil 
types and their distribution 
within the catchment. The 
critical information in this map 
is the acid sulphate cover area, 
which is directly related to the 
groundwater quality.  
 
Another parameter that affects 
the quality of groundwater is 
the ratio of salinity in the 
water. Figure 10 illustrates a 
salinity map adopted from the 
EIS study that shows four 
samples locations taken within 
the site identifying the salinity 
ratio throughout the catchment 
[18]. Contaminated land 
parcels were also identified in this map. Although land-use codes were provided with a 
cadastral layer, more information were needed to specify the source of each contamination. 
Thus, the contaminated land parcels were useful to indicate the location but not to specify the 
contaminant.  
 
 The numerous maps generated in this study, which were 
presented in this section, were used to extract original 
synthesis data. By selecting specific parameters and 
overlaying different thematic maps, a number of 
synthesis maps were generated: they are described in the 
following section of the paper.  
4. RESULTS AND DISCUSSION 
In an urban catchment, it is advised that fifteen percent 
harvest from the surface runoff of the impervious area 
cover, can help reverse the water cycle of the catchment 
into a natural condition, one that was in a predevelopment 
state [15]. This study embraces such target as a departure 
point for further analysis. For example, in line with this 
target, the study proposes to use part of the harvested run 
off for the local ASR systems.  
 
Identifying specific topographic features of the landscape 
that are suitable for surface runoff harvesting is key for 
Figure 9,10 Soil types, groundwater salinity and contaminated land 
parcels 
Figure 11 Slope suitability Analysis for 
WSUD GI per subcatchment 
planning WSUD interventions. Yet, no literature can be found on this subject. To fill the gap, 
this study used the high-resolution DEM to generate a slope analysis illustrated in figure 11 
with the aid of WSUD conceptual guidelines. Using a QGIS slope analysis algorithm [21], a 
slope raster image was created, where highly suitable areas for the WSUD decentralised 
infrastructure could be demarcated. These were defined using a raster analysis plugin to extract 
“less than” and “equal to” five percent slope areas. Slope areas over fifteen percent were also 
highlighted as they are not suitable for the application of common WSUD infrastructures. 
Colour coding, with changes from green to red, emphasizes this features for each sub-
catchment. The white areas in the map indicate slopes between five and fifteen percent, which 
are considered challenging for the WSUD applications and might require additional urban 
design interventions such as aligning streets parallel to contours [15].  
 
Four water management design strategies were suggested, which are complementary to the 
UOFP study and groundwater model. These include water surface movement (WSM), 
filtration, direct infiltration, and local ASR systems. These strategies are not novel; rather they 
are largely used by best water management practices around the world, with slightly different 
terminologies. In this study they were employed to further generate urban design and planning 
criteria for open spaces throughout the catchment, with the aim of creating public areas in 
response to thorough Urban Environmental Quality [19, 22] analysis. This design and planning 
exercise will be the scope of future phases of this research. 
 
4.1 Water Surface Movement (WSM), filtration and direct infiltration 
 
The primary constraint to be considered in the analysis of the WSM locations was the 
contaminated land parcels. This parameter can be used to inform decisions about using WSM 
instead of direct infiltration at the spots of contamination. In order to develop a clear map to 
aid the decision making process, a 5m buffer zone to each contaminated land parcel was 
generated, according to the minimum requirement for infiltration setbacks from property 
boundaries indicated in the BCC practice notes [23]. The map resulting from this analysis was 
then overlaid with various data layers, including slopes less than five percent and more than 
Figure 11, 12 Water Surface Movement GI Suitability analysis for Residential Lots, 
Open Spaces, and Streets 
fifteen percent ratio, salinity, acid sulphate soil type, street and open space network data, as 
well as residential lots for each sub-catchment. This allowed to identify the locations for WSM 
and/or filtration zones on the basis of specific contaminant type, acid sulphate soil tolerance. 
Such decision on either filtration or WSM still depend on further detail analysis as specific 
information concerning contaminant types was not available. Storm water filtering options 
based on contaminant types remain a topic for future research. However, figure 11 and 12 
effectively presented the locations of WSM and filtration for streets, open spaces and 
residential parcels that operate with slopes less than five percent. Figure 11 additionally 
demonstrate the WSM green-blue infrastructures (GI) that can tolerate acid sulphate soils. 
 
Meanwhile, the greyscale salinity map in the background can be useful for the prospect of 
applying specific type of WSUD infrastructure to these spots. Figure 13 and 14 show the areas 
for other WSUD GIs implications for direct infiltration and storage suitability. The aim of these 
overlays is to demonstrate that areas where the land parcels either are contaminated or high 
salinity exist, WSM or WSUD filtration measures should be applied rather than direct 
infiltration - for example, bio-swales to cleanse and slow down the storm water runoff, and 
channel it to safe locations for direct infiltration; and detention basins for temporary storage 
and groundwater recharge. These overlays though, only demonstrated one variation of multiple 
constraints that may exist on the site. Therefore, these synthesis maps should be used as a 
preliminary guide for moving water from one point to another, and further site specific analysis 
is recommended prior to the applications of WSUD GIs.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.2 Local Aquifer Storage and Recovery (ASR) 
 
122 cities around the world with population over a million use ground water to address up to 
one fourth of their total water usage [Cited in 24], for example Seoul (South Korea), Perth, 
(Australia), and Christchurch (New Zealand) [20]. As cities are in need of alternative water 
resources for addressing their high groundwater consumption rates, ASR systems have become 
a mainstream water management strategy in recent years. Considering the seven-year drought 
Brisbane experienced prior to the 2011 flood, WSUD solutions need to respond also to 
Figure 13,14 Other WSUD GI Suitability Analysis for Residential Lots, Open 
Spaces and Streets 
potential droughts. This applies to the Norman Creek catchment too. ASR systems are designed 
to store storm water under the heavy rainfall or reclaimed waste water for the use at the times 
of drought. One of its significant advantage is that stored water can be kept underground 
without the impact of evaporation [20]. 
 
Aquifer types exploited for the ASRs can be fractured 
unconfined rock, confined sand and gravel aquifers. For 
local ASRs, aquifers shallower than five metre are not 
recommended [25, 26]. Aquifers with brackish 
groundwater are only suitable for recharging ASR 
applications for non-potable water use. For potable water 
consumption, the ASR systems should interfere less with 
saline groundwater, and be far from contaminated land 
parcels in order to keep the recharge water quality within 
acceptable standards. To sustain high quality water 
standards with minimal treatment costs, the ASR 
applications should consider harvesting runoff water from 
roofs and surfaces at the higher altitudes of the catchment, 
where the water quality lost is minor. 
 
In this study, to identify the best locations for local ASR 
systems, various parameters and constraints were 
considered, including 5m groundwater minimum level, the 
UOFP study and aquifer surface geology porosity. All 
these layers were combined and overlaid with the open 
space network.  
 
As ASR systems require a detention pond prior to injecting into the aquifers, as well as for 
local surface storage, non-porous aquifers were identified as highly suitable for ASR systems 
(Figure 15). Government metadata about the aquifer porosity shows that the groundwater 
dependant ecosystems are less reliant on these aquifers at upper levels and more dependant in 
the lower parts of the landscape, where their discharge generally occurs. Therefore, the 
application of ASRs can potentially be less harmful to this type of aquifers [27]. 
 
Both water management strategies presented above are widely accepted best practice examples. 
Norman Creek catchment site with specific issues and associated data informed them. The 
suggested locations and suitability of the GIs were provided as the outcome of a number of 
QGIS spatial analysis and overlay methods.  
5. CONCLUSION 
This paper presented a mapping methodology to identify new design opportunities leveraging 
the relationship between stormwater management capacities for infill and new building 
development in the Norman Creek catchment. This satisfied the main objective of this study, 
which was to generate practical procedures and tools for immediate applications by the BCC. 
Furthermore, the proposed methodology also laid the groundwork for future studies combining 
socio-economic data for determining development hot spots in the area under investigation.  
 
The paper introduced the first part of the study, focusing on the environmental data overlays to 
establish a functional hydrological cycle that is well integrated into the urban environment, 
Figure 15 Open Space Suitability 
Analysis for ASR Systems 
with the aim of generating, or increasing social, environmental, and economic engagement at 
various urban scales. The paper addressed the environmental aspects considering various 
constraints related to storm water runoff and ground water modelling. It did so, by illustrating 
a number of synthesis maps generated on the basis of the data extracted from initial 
environmental maps. Due to the variety of sources, data quality varied significantly: from the 
1:25000 scale of the geological map datasets to the 1m resolution of the DEM. Such gaps in 
resolution may downplay the accuracy and reliability of the outcomes, which, however still 
satisfy the primary objective of the study creating a practical procedure and a tool for the 
benefit of the BCC and establish the groundwork for further research. 
 
Understanding ground water levels and the porosity of local aquifers in relation to Brisbane 
river, Norman Creek and a variety of factors such as the UOFP study, specific land-uses, 
contaminated land parcels, ground water-depth and salinity, may inform the possible location 
of specific WSUD strategies, including water surface movement, filtration, direct infiltration, 
aquifer storage and recharge bases. Such strategies can complement the design of open spaces 
and help increase the sustainability and resilience of infill development sites. Future phases of 
this research will look at how the proposed locations of GIs identified through the methodology 
presented in this paper relate and may respond to the socio-economic data of local precincts 
and neighbourhoods. This will support the priority plan of the BCC, guiding implementation 
strategies and new sustainable development in the Norman Creek catchment. 
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